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(57) ABSTRACT

A variable mductor includes an mput external electrode, an
output external electrode, and a coil formed by electrically
connecting at least two spiral coil pattern portions 1n series
between the input external electrode and the output external
clectrode. At least one trimming electrode 1s further pro-
vided 1n each of the spiral coil pattern portions. A first end
and a second end of each trimming electrode are connected
to the spiral coil pattern portion, and a lead out electrode,
respectively, so that the trimming electrode bridges between
the lead out electrode and the coil. The trimming electrodes
are sequentially trimmed one-by-one, by, for example, 1rra-
diating a laser beam, starting from a trimming electrode
closer to an edge, whereby the inductance of the coil is
increased accordingly.

10 Claims, 5 Drawing Sheets
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1
VARIABLE INDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to variable
inductors, and more particularly, to a variable inductor for
use 1n mobile communication devices.

2. Description of the Related Art

Electronic devices that are desired to be compact, in
particular, mobile communication devices such as cellular
telephones and automobile telephones, require compact
components mcorporated therein. Furthermore, as the fre-
quency ol operation of a device increases, the circuit
becomes more complicated, and narrow variation and strict
tolerance are required for the components incorporated
therein. In effect, however, each component has the
variation, and a circuit on which such components are
merely mounted may not be correctly operated. In order to
avold such problems, methods have been conceived 1n
which variable components are used for some of the com-
ponents constituting the circuit, such that the variable com-
ponents are finely adjusted to correctly operate the circuit.
One method 1s to use variable inductors and one such
conventional inductor has an inductance adjustment portion
(trimming pattern portion).

FIG. 8 1s a perspective view of an exemplary variable
inductor 1 having an inductance adjustment portion. The
variable inductor 1 includes a spiral coil 3 disposed on the
surface of an insulating substrate 2. The inductance adjust-
ment portion includes a plurality of trimming electrodes 4
which are arranged 1n a ladder configuration, and is located
in a region defined by the coil 3. One end 3a of the coil 3
1s electrically connected to an external electrode 7, and the
other end 3b extends across an insulator film 5 and 1is
clectrically connected to an external electrode 8. The trim-
ming electrodes 4 are sequentially trimmed one-by-one by
irradiating a laser beam from above the variable inductor 1,
so that the inductance between the external electrode 7 and
the external electrode 8 may be finely adjusted in a stepwise
manner.

FIG. 9 1s a perspective view of another conventional
variable inductor 11. The inductor 11 includes a spiral coil
13 disposed on the surface of an 1nsulating substrate 12. An
inductance adjustment portion 1ncludes trimming electrodes
14a to 14d, and the trimming electrodes 14a to 14d are
extended halfway from the coil 13 to the outside of a region
defined by the coil 13. The trimming electrodes 14¢ and 14d
are located on msulator films 154 and 15b , respectively. One
end 13a of the coil 13 1s electrically connected to an external
electrode 17, and the other end 13b extends across an
insulator film 15¢ and 1s electrically connected to an external
clectrode 18. The trimming electrodes 14a to 14d are
sequentially trimmed one-by-one so that the inductance
between the external electrode 17 and the external electrode
18 may be adjusted.

However, the variable inductor 1 shown 1n FIG. 8 has a
small areca where the inductance adjustment portion 1is
disposed, thus providing a small variable range for the
inductance, making 1t difficult to acquire a variable induc-
tance range required for a circuit adjustment. This 1s because
increasing the area where the inductance adjustment portion
1s disposed 1n order to obtain a required variable range
prevents compactness of the inductor. Furthermore, the
variable 1inductor 1 1s designed so that the electrodes 4 are
arranged 1n a region defined by the coil 3, and the electrodes
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4 become obstacles to a magnetic field generated by the coil
3. As a result, a problem occurs that the Q factor of the
inductor 1 1s reduced.

In the variable inductor 11 shown 1n FIG. 9, on the other
hand, the inductance 1s adjusted per turn, and the inductance
1s not finely adjusted. Hence, even if the variable inductor
includes the optimum inductance for a circuit adjustment
within the variable range thereof, there was a case where the
optimum value could not be obtained. In addition, the
variable inductor 11 makes 1t difficult to connect the trim-
ming eclectrodes 14a to 14d at a substantially uniform
interval of coil length, resulting 1n difficulty in accurately
adjusting the 1nductance 1n a stepwise manner by a substan-
tially constant value. Furthermore, since the trimming elec-
trodes 14a to 14d are not arranged 1n a row 1n the trimming
order, the trimming operation 1s cumbersome and 1s not
suitable for mass production.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferred embodiments of the present mmvention provide a
variable inductor having a high Q factor and a wide variable
range of inductance which can be finely adjusted with ease.

To this end, according to a preferred embodiment of the
present 1nvention, a variable inductor includes an input
external electrode and an output external electrode, a coil
defined by electrically connecting at least two spiral coil
pattern portions 1n series between the iput external elec-
trode and the output external electrode, at least one trimming
clectrode provided in each of the at least two spiral coil
pattern portions, each trimming electrode having one end
connected to the spiral coil pattern portion, and a lead out
clectrode connected to the other end of each trimming
electrode, wherein the lead out electrode 1s connected to one
of the mput external electrode and the output external
clectrode.

Preferably, the trimming electrodes are arranged 1n a row
and are connected to the spiral coil pattern portions, such
that the trimming electrodes are sequentially cut starting
from a trimming electrode at an end, whereby the inductance
of the coil 1s 1increased accordingly.

Accordingly, at least two spiral coil pattern portions are
clectrically connected 1n series between the input external
clectrode and the output external electrode to define a coil,
where the trimming electrodes may be arranged in the
trimming order. This facilitates the trimming operation, and
avolds such an inconvenience as erroncous cutting during,
the trimming, thereby providing more reliable trimming.
This further allows for a wider variable inductance range
required for a circuit adjustment. The trimming electrodes
are sequentially trimmed (cut) one-by-one so that the induc-
tance of the coil may be finely adjusted 1n a stepwise manner
by a constant value.

Other features, elements, characteristics and advantages
of the present invention will become more apparent from the
following detailed description of preferred embodiments
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Some 1llustrative preferred embodiments of a variable
inductor according to the present invention will be described
with reference to the accompanying drawings 1n conjunction
with the following detailed description, in which:

FIG. 1 1s a perspective view ol a variable inductor
according to a preferred embodiment of the present mnven-
tion;
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FIG. 2 1s a perspective view of the variable mductor
which 1s manufactured during a manufacturing procedure;

FIG. 3 1s a perspective view of the variable conductor
clement which 1s fabricated during a manufacturing proce-
dure;

FIG. 4 1s a perspective view of an external appearance of
the resultant variable inductor according to a preferred
embodiment of the present invention;

FIG. § 1s a perspective view 1illustrating that some of the
trimming electrodes are trimmed so that the inductance of
the variable inductor shown 1 FIG. 4 may be adjusted,;

FIG. 6 1s a graph showing a variable inductance range of
the variable inductor shown 1n FIG. 4;

FIG. 7 1s a plan view of a modification of the variable
inductor according to the present invention;

FIG. 8 1s a perspective view of a conventional variable
inductor; and

FIG. 9 1s a perspective view of another conventional
inductor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, a coil 22 and a lead out electrode 25
are provided on the upper surface of an insulating substrate
21, which has been polished to be smooth, by thick-film
printing or thin-film formation such as sputtering and
deposition, or other suitable process.

Thick-film printing 1s a technique which includes provid-
ing a screen, for example, having openings in a desired
pattern, over the upper surface of the 1insulating substrate 21,
and applying a conductive paste onto the screen to form
relatively thick conductors (the coil 22 and the lead out
electrode 25 in the present preferred embodiment) in a
desired pattern on portions of the upper surface of the

insulating substrate 21 which are exposed from the openings
in the screen.

Thin-film formation may include a technique described
below. A relatively thin conductive film 1s formed on sub-
stantially the overall upper surface of the insulating substrate
21, and a resist film such as a photosensitive resin film 1s
then formed on substantially the overall conductive film by
spin-coating or printing. A mask film having a predeter-
mined 1mage pattern overlays the upper surface of the resist
f1lm, and a desired portion of the resist film 1s then cured
such as by exposing it to ultraviolet rays. The resist film 1s
peeled off with the cured portion being left, and the exposed
portion of the conductive film 1s removed to form a con-
ductor (the coil 22 and the lead out electrode 25 in the
present preferred embodiment) in the desired pattern.
Thereafter, the cured resist film 1s then removed.

Another possible formation process may involve a tech-
nique which includes applying a photosensitive conductive
paste onto the upper surface of the msulating substrate 21,
and covering 1t with a mask film having a predetermined
image pattern, followed by exposure and development.

The coil 22 1s preferably formed by electrically connect-
ing two spiral coil pattern portions 23 and 24 1n series. The
coll pattern portions 23 and 24 are arranged side-by-side in
the longitudinal direction of the insulating substrate 21. One
end of the lead out electrode 25 1s exposed on the right side
of the insulating substrate 21, as viewed in FIG. 1. The
materials of the insulating substrate 21 preferably include
olass, glass ceramic, alumina, ferrite, S1, and S10,. The
materials of the coil 22 and the lead out electrode 25

preferably include Ag, Ag—Pd, Cu, Ni, and Al.
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Turning now to FIG. 2, an insulating protection film 30
having openings 30a to 301 1s preferably formed.
Specifically, liquid msulating material 1s preferably coated
on the entire upper surface of the insulating substrate 21 by
spin-coating or printing, and 1s dried and fired to form the
insulating protection film 30. The msulating materials used
herein include photosensitive polyimide resin, and photo-
sensitive glass paste. Then, a mask film having a predeter-
mined 1mage pattern overlays the upper surface of the
insulating protection film 30, and the desired portion of the
insulating protection film 30 1s cured by, for example,
exposing 1t to ultraviolet rays. The uncured portion of the
msulatmg protection film 30 1s then removed so that the
opemngs 30a to 301 may appear. Exposed in the opening
30a 1s one end 22a of the coil 22 which 1s positioned inside
of the spiral coil pattern portion 23. The other end 225 of the
coll 22 which 1s positioned 1nside of the spiral coil pattern
portion 24 1s exposed at the opening 30¢g. In turn, predeter-
mined portions of the coil 22 are exposed in the openings
30b to 30f, and predetermined portions of the lead out

clectrode 25 are exposed 1n the openings 30/ to 301.

Turning now to FIG. 3, trimming electrodes 31a to 3le,
and lead out electrodes 35 and 36 are preferably formed by
thick-film printing or thin-film formation such as sputtering
and deposition, as 1s similar to the case of forming the coil
22. The lead out electrode 35 1s electrically connected to the
end 22a of the coil 22 via the opening 304 1n the 1nsulating
protection film 30. The lead out electrode 36 1s electrically
connected to the end 225 of the coil 22 via the opening 30g.
Likewise, first ends of the trimming electrodes 31a to 3le
are clectrically connected to the predetermined portions of
the coil 22 via the openings 30b to 30f 1n the insulating
protection film 30, respectively. Second ends of the trim-
ming electrodes 31a to 31e are electrically connected to the
predetermined portions of the lead out electrode 25 via the
openings 30/ to 301, respectively.

As viewed m FIG. 3, the trimming electrodes 31a to 31e
are arranged 1n a row 1n a ladder configuration at the rear of
the 1nsulating substrate 21, 1.e., are arranged at a side of the
coil 22, so as to bridge between the lead out electrode 25 and
the coil 22. The lead out electrode 35 1s exposed on the left
side of the insulating substrate 21, while the lead out

clectrode 36 1s exposed on the right side of the insulating
substrate 21.

As shown 1n FIG. 4, liquid insulating material 1s coated on
the overall upper surface of the insulating substrate 21 by
spin-coating or printing, and the result 1s dried and fired, so
that the 1nsulating protection film 30 overlays the trimming
clectrodes 31a to 31e and the lead out electrodes 35 and 36.
Then, external electrodes 37 and 38 are formed on the ends
of the 1nsulating substrate 21 so as to extend 1n the longi-
tudinal direction. The external electrode 37 1s electrically
connected to the lead out electrode 35, and the external
clectrode 38 1s electrically connected to the lead out elec-
trodes 25 and 36. The external electrodes 37 and 38 are
formed preferably by applying conductive paste made of Ag,
Ag—Pd, Cu, Ni1Cr, N1Cu, N1, or other suitable material, and
firing the result, followed by wet type electrolytic plating to
form metal films made of N1, Sn, Sn—Pb, or other suitable
material. The external electrodes 37 and 38 may be other-
wise formed by sputtering or deposition or other suitable
Process.

The resulting variable inductor 39 includes a circuit 1n
which the coil 22 and the inductance adjustment portion (the
trimming electrodes 31a to 31e ) are electrically connected
on the msulating substrate 21. Since only a fraction of the
trimming electrodes 31a to 31e 1s disposed in the region
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defined by the coil 22 on the substrate 21, the magnetic field
ogenerated by the coil 22 1s less blocked by the trimming
clectrodes 31a to 31e. Therefore, the inductor 39 has a very
high Q.

After the variable mductor 39 1s mounted on a printed
board or other suitable substrate, the trimming electrodes
31a to 3le are trimmed, for example, rrradiating a laser
beam from above the variable inductor 39, as shown 1n FIG.
5, and thus, a trimming groove 40 1s formed in the variable
inductor 39. The trimming electrodes 31a to 31e are sequen-
tially cut one-by-one 1n the order starting from the trimming
electrode 31a located at an end, and so on. It will be noted
that FIG. § illustrates that the two trimming electrodes 31a
and 31b are cut. Therefore, the inductance between the
external electrodes 37 and 38 can be increased little by little
In a stepwise manner by a constant value.

FIG. 6 1s a graph showing the result of measurement on
a change 1 1inductance with respect to the variable inductor
39 having approximate dimensions of 2.0 mmx1.25 mm, as
indicated by solid line 45. For comparison, in FIG. 6, the
result of measurement on the conventional variable mductor
11 shown 1 FIG. 9 1s indicated by dotted line 46. The
variable inductor 39 of the present preferred embodiment
has a wide variable range from a low inductance of about 3
nH to a high inductance of about 15 nH. In contrast, the
conventional variable inductor 11 has a narrower variable
range of a relatively high inductance from about 9 nH to

about 15 nH.

Since the variable mnductor 39 1s provided with the coil 22
including two spiral coil pattern portions 23 and 24 to which
the trimming electrodes 31a and 31b, and 31d and 31e are
connected, respectively, the trimming electrodes 31a to 31e
may be arranged in the trimming order, thus facilitating the
trimming operation. In addition, the trimming electrodes 31a
to 31e may be connected at a substantially uniform interval
of coil length, allowing the inductance to be finely adjusted
stepwise, namely, linearly, by a substantially constant value.

In order to more finely adjust the inductance, the number
of trimming electrodes 31a to 31e may be increased. The
trimming electrodes 31a to 31e can be trimmed not only by
a laser beam but by any other suitable process such as
sandblasting. It 1s sufficient for each of the trimming elec-
trodes 31a to 31e to be electrically cut, and the trimming
oroove 4 does not have to have a physically recessed
configuration. In particular, when the insulating protection
f1lm 30 1s made of glass or glass ceramic, molten glass due
to 1rradiation of laser beams may enter into the trimmed
portions to form protection films after trimming. This pre-
vents the trimmed electrode portions from being exposed.

The variable inductor according to the present invention
1s not limited to the illustrated preferred embodiments, and
a variety ol modifications may be made without departing
from the spirit and scope of the mmvention.

Any number of spiral coil pattern portions, but more than
one, which constitute a coil may be adapted, and the coil 22
may be defined by, for example, three spiral coil pattern
portions 54, 55, and 56 which are electrically connected in
series, as shown 1n FIG. 7. In FIG. 7, there are shown eight
trimming electrodes 31a to 314, and relay pattern portions
61 and 62 through which the coil pattern portions 54 to 56
are connected 1n series. A lead out electrode 63 1s used to
connect the coil 22 to the external electrode 38. Accordingly,
an 1ncreased number of spiral coil pattern portions allow the
inductance to be more finely adjusted.

It 1s not necessary to connect trimming electrodes 31a to
314 to all of the coil pattern portions 54 to 56. The trimming,
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clectrodes 31g and 31/ may be omitted so that no trimming
clectrode 1s connected to the coil pattern portion 56.

The 1llustrated preferred embodiments have been
described with respect to the case of individual production.
For mass production, an effective approach involves fabri-
cating a motherboard (wafer) having a plurality of variable
inductors, and cutting the motherboard into pieces for each
product dimension by techniques such as dicing, scribing
and breaking, and using laser during the final stage.

The variable inductor may also be designed so that a
printed board on which a circuit pattern has been formed has
more than one spiral coil pattern directly disposed thereon.

While preferred embodiments have been described above,
it 1s to be understood that modifications and changes will be
apparent to those skilled 1n the art without departing from

the spirit of the invention. The scope of the present invention
1s therefore to be determined solely by the appended claims.

What 1s claimed 1s:
1. A variable inductor comprising;:

an 1nput external electrode;
an output external electrode;

a coll defined by at least two spiral coil pattern portions
clectrically connected 1n series between said input
external electrode and said output external electrode;

at least one trimming electrode provided 1n each of said at
least two spiral pattern portions, each trimming elec-
trode having a first end connected to a respective one of
said at least two spiral coil pattern portions; and

a lead out electrode connected to a second end of each of
said trimming electrodes;

wherein said lead out electrode 1s connected to one of said
input external electrode and said output external elec-
trode.

2. A variable mductor according to claim 1, wherein the
trimming electrodes are arranged 1n a row.

3. A variable inductor according to claim 2, wherein the
trimming electrodes are connected to the spiral coil pattern
portions, such that the trimming electrodes are arranged to
be cut sequentially starting from a trimming electrode at an
end so as to 1ncrease the mductance of said coil.

4. A variable inductor according to claim 1, wherein the
at least two spiral coil pattern portions are arranged side-
by-side.

5. A variable inductor according to claim 1, wherein the
trimming electrodes are arranged mn a row 1n a ladder
conilguration.

6. A variable mnductor according to claim 1, wherein the
trimming electrodes are arranged at a side of the coil so as
to bridge between a lead out electrode and the coil.

7. A variable mductor according to claim 1, wherein the
trimming electrodes define an 1nductance adjustment por-
tion.

8. A variable mductor according to claim 7, wherein the
coll and the mductance adjustment portion are electrically
connected.

9. A variable inductor according to claim 1, wherein only
a fraction of the trimming electrodes are disposed in the
region defined by the coil.

10. A variable 1inductor according to claim 1, wherein the
coll 1s defined by at least three coil pattern portions which
are eclectrically connected 1n series.
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